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The accompanying sketch shows the section of country 
traversed by the tornado. (See fig. 1.) 

FIG. 1.-Track of tornado in eahtern Alabama, IInrcli 20, 1 N I G .  

STUDIES ON THE DIURNAL PERIODS IN THE LOWER 

11.-THE DIURNA4L PERIODS O F  T H E  BARORIETEIC PRESSURE. 
' STRATA OF THE ATMOSPHERE. 

Prof V K A h K  H ~ I . I R  Blo-hI,oD\\. 

THE STATU\ OF THE PROBLEM O F  DIOHNAL PFLES5ZTRE. 

The physical relations between the waves of temperature 
and pressure in the lower strata of the atmosphere, together 
with their influence upon the electrical and  tlie iuagnetical 
fields in the air, have forniecl subjects of constant invehtiga- 
tion during the past fortmy yeais, but, unfortunately, without 
any satisfactory results. I n  my International C'loud Report, 
Weather Bureau, 1898, chapter 9, some account of the problem 
was given, and an attempt was made to throw sonie additional 
light upon the subject. The principal point brought out was 
the fact that there is a very close connection between the vari- 
ation of the pressure and the magnetic fields over the earth, 
although I was unable to show what the physical process is 
which unites them. The papers of this series are suppleinen- 
tary to that investigation, and they show that two important 
elements have been lacking in the terms of the problem; naiiie- 
ly, the variation of the temperature with the height, ant1 the 
existence of streams of ions or free charges of electricity in the 
lower atmosphere. Without tlieni i t  was not possible to es- 
plain the connection between the several types of observed 
phenomena. 

There have been in general two lines of attack upon the 
problem of the coexistence of the single, the double, and the 
triple barometric waves, as determined by the harnionic coin- 
ponents: First, that they are due directly to ail effect, of the 
temperature upon the pressure by II change in the density of 
the lower strata of air; and second, that a dynamic-forced 
wave is generated chiefly by so1:tr radiation acting in the upper 
strata of the atmosphere. However, it has not been possible 
to associate the surfaue-teiiiperature wave with the seiiiidiurnal 
ancl the tridiurnal waves of pressure, because it has been 
assumed that the surface-tenipel.ature wave extends with the 
name periodic phase into the lower strata. We have shown 
in the prececling paper that this is not the case. and that there 
is now suficient reason for reopening the problem at this 
place. Regarding the solution 1)y a ilynainic-forced wave, i t  
has become more evident' from the studies of the absorption 
of the solar radiation, by means of the boloiueter and the ac- 
tinometer, that the solar energy can not build up temperature 
and dynamic waves in the upper strata. because the solar radi- 
ation is of such short wave lengths as to tral-erse the earth's 
atmosphere without general absorption. The outgoing radia- 
tion of much longer wave lengths from the earth's surface 
does, however, suber absorption, so that such dynamic effecth 
must belong to the lower, rather than to the higher, strata of 
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1 See Monthly Weather Review, December lBV2, figs. 3 nud 4.  
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the atmosphere. Further studies have been made by the 
Austrian meteorologists, Margules, Hann, and Trabert, in a 
series of interesting papers', since the year 1898. 

It may be remarked that these cliscussions are confined to 
an account of the double period, apart from its natural com- 
bination with the single and triple periods. Suitable periodic 
variations of the coefficients, in latitude and longitude, were 
not to be found in the observations a t  the surface stations, 
nor at the mountain stations, and there was no data derived 
from the free air levels. Contact with the ground a t  low levels, 
o r  a t  high elevatiom, seems to have destroyed the actual 
teinl'erature waves fount1 in the free air a t  400 meters and up- 
w a r d .  It mill, no doubt, now be possible to adapt these admir- 
able iiiatheinatical studies of the Fourier series, as modified by 
the deflecting force of the earth's rotation and by friction, to 
the new teinperntnre data pertaining to the strata up to 3000 
meters elevation in the free air. 

In  order t o  place before the reader a brief summary of the 
facts of the baroiiietric pressure waves which are to be ex- 
plained, the following extract is quoted from my Cloud Report, 
pages 45S, 459. 

Analyzing tlie observed barometric: p r e s u r e  by the  harmonic series, 
1 B = al sin I A ,  + x )  + n, sin ( A 2  + 3s) + a, sin ( A 3  + 3.c). and discus- 
hiiig the  constant in res1iec.t to the o l i w r m t i o n ~ ,  i t  is noted: 

1. The normal \ alue o f  t he  aniplitutle vf t he  single daily oscillatlon ai 
is  c.ontainetl within the limits 0 UU and 11.50 nim. It isone-fourth to one- 
half t h e  amount of a,; its range is  \\ itle, being two or three times the 
noriual value; i t  is vrry different at neighboring stations, and on the 
sailit! parallt.1 o f  latitude; i t  has greater ani Iilitutles in mountain valleys, 
but  smaller on the  beacoast and in Iiigher latitudes; i t  shows a reversal 
o f  phase iu the polar regions. also above a certain neutral plane at R 
pivrn elevation fioin the  ground, piorluwd 1)s interference with the ther- 
niic wave; it has a yearly period, with inasima in June in higher lati- 
tnrles, and in March ani1 September on the equator. 

2. The normal value o f  the  phase A, is  nrar  (I", where z is counted 
froin midnight, ancl is the  hour auglr ; i t  varirs widely, from 2 7 7 O  t o  550, 
((I anal A,  must  have A geueral and a local cause. The general cause 
m r i w  with the latitude and also in the  p a r ;  t h e  local cause varies with 
the niincir c o n r ~ c t i o n  vu1  rents, ani1 depends upon all t he  ineteorological 
features which tend to  produce local con\ ection. 

3. The nntplituile iif tlir tlouhle daily w a w ,  a,, is  the prinr.ipa1 term, 
t l i t .  liiiiits CJ 1111 t o  1 OU 1 1 1 1 1 1 .  o f  1irr+suiv 
i l+,t . ira>i*s rrgulni ly with tlir height 11" 

prr+hiir~* -; it ic w r y  t.on+tiiut oxrr  tlie rn t i i r  r 
5.5"; i t  vniirswith tlir ht i tui l r  11y : t i i i i i r i u l n  w1iil.h i r q i i i i t h q  an  inversion 
I J ~  1hasib j n  t,li~b 1 ~ 1 ) l n i  rrgiibus; i t  has  i t  ~1 i~ t in t . t  xaiintion with thv year, 

B 
7I;IJ 

islivil il littlt. 11) lanil nnrl J I I + ~ Z P + ;  i t  iz xrry Ltryr in mountain 
x all*\ *. 
4. This nornlnl valnr o f  tlir. l,lia+i, *if  t l ir  r l i ~ r i l ~ l r  tliuinal wait. A? is  

intling t i l  !Ih 511"' d. l i t . ;  i t h  ran"+ 'iy +Illall, 14no t o  1630; 
:I littlv n i t h  tlip IiviKlit, ih t r t i  tl, 146" in higlivr lati- 
a little \\ ith t l i ~  y~hni ,  i~liliiisiti~ srnhr in the 

A r b + .  nnil it 1% \ v i y  i r u t  ( i f  1iit.nl iiirtroroloKicd 

,litudt* $ i f  tliv trililr iliurnal w 
tity, lieiug gyuerally lis++ t h i n  0.10 i i i i i i .  1bri 
with t h r  latitiidr; i t s  yiwrly l~t~riot l  
wiutri and h i i i i i i ~ i + ~ i  iu I i o t l i  l i r i t i i s1 i l i  
i t+ itlaxitilritil is ,  l i ~ i w r ~ ~ * t .  I U  ditiir, 
i.ilu:tt,ior, ani1 not iu v J ~ ~ l y .  M I I V U  tlir brat 
Ht*iilispliri+~. 

0. The plinsr i d  th+. t i i l ~ l ~ ~  ilailp ]bi*ri(sil, A , has a norinnl XaluP o f  3.550, 
ry sniall rniizr, ;tu11 \vitii :L hitla11 l l u t  \pry wrll niarkrtl ytbarly 

~ ~ - ~~ ~~ _____ ~ _ _ _ _ _ ~ ~ ~ ~  

2 Uebrr die ttiglichr Drehung der niittleren Windrichtung und fiber 
rine Oscillation der  Luftmassen 1 on hallit.igiger Periode auf Berggipfeln 
von 2 his 4 km. Seehirhe. J .  Hauu. Wien. 19IY2. 

Sanie in RI~~trorolocisclie Zeitbchrift. 
Dill Tlieorie der ttigliclien LnfttlrucL-schwankung ron Margules und 

die t:igliche Oscillation der  Luftmassen. W. 'I'rabert. Met. Zelt. No- 
\ ember, December, 1903. 

Oktobrr, November, 1903. 
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TABLE 1.-Diurnal, semidiurnal, and tridiurnal preeswe maves obeerved at 
the mrface. Unit = 0.0001 inch mercury. 
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THE DIURNAL, SEMIDIURNAL, AND TRIDIURNAL PRESSURE WAVEh COM- 
PUTEP FROM THE SURFACE OBSERTATItONS. 

We can obtain the three component pressure waves froin 
the Weather Bureau observations by einploging the data con- 
tained in Mr. P. C. Day's paper, prepared Ly clirectioii of 
Brig. Gen. A. 117. Greely, "Diurnal Fluctuations of Atmos- 
pheric Pressure at  twenty-nine selected stations in the United 
States, Washington, 1891." The tables give the local hourly 
corrections to the daily mean pressure; hence by changing the 
signs, we obtain AB, the variations of the prehsure for each 

hour, which are to be resolved into three harmonic components 
by the Fourier series. Five stations were selected which are 
naturally coiupmd~le with Blue Hill, being located at  short 
i1ist:tnces above sea level, Boston, New York, Washington, Buf- 
falo, and Cleveland. The mean variatiou at  each hour was com- 
puted for these stations, and  i t  itppears in the coluwn of the 
Table 1 marked J B ,  for each month of the year. In  order 
that it might be learned whether the continental plateau sta- 
tions produce t8he mine results, the following stations, Bis- 
marck, St. Louis, Dodge, Denver, and Salt Lake City, were 
computed in the saiiie manner throughout the yenr. Since no 
TABLE 2.--Dii irnr~l ,  Heinidiitrnal, anti trirliitrnal teniperatwe uiaves. on three 
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5 . . . . .  
1; ..... 

H .... 
!I .... 

I n  .... 
1118 ... 
1.2. .. . . 
I . . . . .  
2 . . . .  

4 . . . . .  
5 . . . . .  
li..... 

s . . . . .  
!I. . . . . 

1u ..... 
11 . . . .  
I "  . . . . .  

.,. . . , , 

I . . . . .  

U . . . . .  

, . . . . .  
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t0.i + I .  
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TABLE 2.--Diumal, semidiurnal, and hdiikmnl temperature wnues-Cont'd. 
APRIL. 

TARLE 2.-Dizirnal, wemidiurnal, and tridiurnal temverature wa?es--Cont'd. 
JULY. 

400 meters. 1000 meters. SUlllS. 

M.\T. 

__ 
12 a, . .  
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7 -0.3 
h 4 I . l  
s t 0 . i  
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_ _ _ _ _ _ ~  _ _ ~  ~ 

important differences exist between these two sets of stations, 
the plateau computation is not, reproduced in this paper. The 
separation of the wave of JB into components mas accom- 
plished by the precepts, 

12n+ 121) l a +  11' -- semidiurnal wave= 11= a 3 , etc., 

12n+ 80 + 4 p  In+ On + 511 
3 -' ---______- 

, etc., tridiurnal wave =I11 = 

diurnal = I = AB -(I1 + 111) a t  each hour. 

2, were each computed in the same way. 
The pressure JB, Table 1, and the temperature JT, Table 

J B  is given in units 
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SEPTEMUEH. 

~ ~- 

of 0.001 inch of mercury; J T i s  in units of one degree Fahr- 
enheit; the height is in meters, as in the Blue Hill mixed 
system of units. In order to make the temperstmiire curves 
directly comparable with the pressure curves on the diagrams, 
the sign of the JT was reversed in the beginning, SO that the 
entire temperature computation should have opposite signs to 
give the natural actual ralues. The nieau daily value of the 
temper:ttnre T is given for each montli under the column 1 T, 
so that liy reversiug the signs of J T  and adding to T the 
nctnal hourly temperntnres which were used may he recovered. 

The component curves of JR, I, 11, I11 are to be found a t  
the top of the sections of figs. 26-37, one for each month of 
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TABLE %-Diurnal, semidiurnal, and tridiuml temperature wnrw-Cont'd. Southern Hemisphere, to the warm season, with the sun in the 
Northern Hemisphere. 

~ S m i d i u r m l  toair.-The two masima occur with remarkable 
OCTOBER. 

195 meters. 

' 
~~~~ 

NOVEMRER. 
northern, the transition tdiing place a t  the equinoxes as the 

of the iiiagnetic ani1 meteorological elements as described in 

an inversion phenomena lias been detected in the earth's at- 
mosphere, due the orbital solar action: (1) The inversion 

iuy Bulletin No. 21; ('2) the inversion or surging of the at- 
mosphere as to its teinperature between the Tropics a n ~ l  the 
temperate zones, and as to its pressure between the Enstern 
and the Western heinispheres, as shown in the MONTHLY 
WEATHER R'EV~EW, November 1NH; and (3) in the tricliurnd 

the causes of these phenomena of inversion it is evident that 

the sole cause. The subject will require careful and eshaust- 
t,he mere interference of waves of different periods can not be 

ive investigation of the numerous forces operating in the coni- 
ples circulations of the solar and terrestrial atmospheres. 

sun crosses the equator. This is the third illstance in \vllich 

. pressure wave as eshibited in this paper. Tf71iatever may be 

- THE DIURNAL, SEMIDIURNAL, AND TRIDIURNAL TEMPERhTURE WAVES DECEMBER. 
IN THE LOWER STRATA OF THE ATNOSPHERE. 

An inspection of the temperature curves given jn the pre- 
ceding paper, MONTHLY WEATHER REVIEW, February, 1905, makes 

of thelower atmosphere diiYer very quch  from the wav6 observed 
a t  the surface. We may suppose that the pressure waves are 
closely connected with the temperature variat,ions in the lower 
strata, and that the changes in the density proilucec1 by the 
variations in temperature become converted into pressure 

of course, complex, and its final solution will require more cle- 
tailed eminination than i t  has been possible to make a t  this 

of the en tire temperature effect, by c.omputing the components 
for the cmves deduced on the planes at 195, 400, and 1000 

actual one existing in the atmosphere froin the surface to 3100 
meters can be only approximate, but  the outcome serves to 
indicate that the temperature waves in the free air are the di- 
rect cause of the pressure waves as a density rather than as a 
dynamic effect. The temperatmiires on these three planes mere 
scaled from the cliagrams, each one was separated into its I, 
11, 111 components, and then the sums for each type on these 
three planes were computed. The details of this work are 
giren in Table 2, s h e  they are of general interest, and the 
second section of the diagrams under each month in figs. 26-37 
gives the corresponding temperature curres. I repeat the 
statement, that for convenient comparison of the temperature 

it evident that the temperature  raves in the snccessive 

changes in part 1)y tllermodynalnic processes. The subject is, 

tilne. 1 llave decided to execute a rough sort, of integration 

meters elevation. The agreemelit between this result and the 

the year. The following cliaracteristics of these waves may 
be noted. 

DiumaE waw.-In January the amplitude, nl, is aboiit 0.011 
inch, and this increases to 0.018 in August,, which seems to be 
the maximum. The phase of the maximum in January is a t  
6-7 a. m., and that of the minimum is a t  6-7 in the evening. 
The morning maximum phase is, apparently, about one hour 
later, 7-8 a. m. in the suinmer, and the evening minimxn 
phase is, also, one hour later, 7-8 p. m. Thus, there is a 
slight advance of one hour in the times of inasin~uiii and min- 
imum in passing from the cold season, with the sun in the 
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waves with the pressure waves the numerical signs have been 
reversed throughout the temperature computation. 

Diurnal zvaue.-These temperature waves have been con- 
structed without using the surface temperatures, ancl this im- 
plies that the temperatures in the several strata are chiefly 
concerned in generating the pressure waves that are observed 
a t  the respective elevations. Of course some additional influ- 
ence must be expected to work in from the adjacent strata 
not here reckoned in the integration, and therefore the results 
here discussed do not exhaust the entire scope of the avail- 
able sources of inquiry. A close approximation to a parallel- 
ism between the pressure and the teniperature systems is 
certainly indicated. I n  January, February, and March the 
diurnal curves of temperature and pressure are in close agree- 
ment as to amplitJude and phase, and reversing the sign of J T, 
we obtain the relation, 

With the approach to summer the curve of temperature in- 
creases in amplitude more rapidly than the pressure curve, 
and the phase of maximum and of minimum in July and A u p s t  
is about three or four hours earlier, 4 a. m. for tempera- 
ture and 7 a. m. for pressure, or 3:30 p. m. for temperature 
and 7:30 p. in. for pressure. The semidiurnal teiuperature 
waves are, however, smaller than would be expected ancl 1~0s- 
sibly I have not obtained exactly the correct temperature 
curves to resolve into components in these two months. We 
have an approsimate relation, 

It follows that in summer the influence of one degree of tem- 
perature to change the pressure is about one-half as much as 
i t  is in the winter. This implies a series of complex funotioiis 
which it is not possible to discuss in this place. 

Senidizminl ?crare.-The most important fact brought out by 
this computation is that a true semidiurnal wave of teinpera- 
ture is developed in the lowei strata whose plinse for the maxi- 
mum ordinate persists steadily throughout the year a t  8 a. m. 
and 8 p. m., with the minimum a t  2 a. m. and 2 p. in., except 
that  in summer the minimum occurs about one hour earlier. 
Generally the temperature inasima precede the pressure maxi- 
ma by about two hours, implying that the semidiurnal pres- 
sure wave follows the temperature wave a t  an interval of two 
hours throughout the year. I n  winter the amplitudes have 
nearly the following relation, 

while in summer the relation is follows, 

- 4’ JT tc + 0.010 3E, or - 1’ F + x 0.0025 inch. 

- 12O AT GC + 0.017 JB, or - 1’ F ~JI + 0.0014 inch. 

- 3’ AT ic 4- 0.015 Jb’, or - 1’ F r + 0.0030 inch, 

- 2 O  J T  GC + 0.015 Ah’, or - 1’ F x + 0.0075 inch. 
Hence, the temperature wave in simmer is two and one-half 

times as effective in proclucing the pressure ware as it is in 
the winter. In  considering the clynainic relations of these 
waves, i t  is necessary to bear in mind that the entire system 
is moving from east to west in the atmosphere, or from right 
to left in the diagram, ancl the relative position in the semi- 
diurnal, as in the diurnal waves. is that the temperature waves 
prececle the pressure waves. If a physical process is con- 
cerned, as the vertical movement of convectional currents with 
expanding heads, or the downward flow of cool air along the 
sides of the warm diurnal cone, then this time-lag of two 
hours represents the interval connecting the temperature cause 
with the pressure effect. It is, however. quite clear that the 
diurnal pressure waves have their origin in  a temperature 
wave, rather than in a forced dynamic wave as suggested by 
Lord Kelvin. 

Tridiwtiul ionw.-We shall divide the year into two portions 
for discussing the tridiurnal wave: first, October to March. 
and, second, April to September. I n  the minter period i t  is 
seen that a fair agreement exists in the phases of the niasiiiia 
of the temperature and the pressure waves, and that,, with the 
system of coordinates here employed, they are in approxi- 

mately direct synchronism. I n  the summer months, on the 
other hancl, although the correspondence between the two 
sets of curves is much less satisfactory, there is suggested a 
synchronism of the inverse type, such that the phases of the 
temperature sild pressure are opposite to one another. It will 
hardly be safe to lay clown more definite conclusions regarding 
these tridiurnal curves, because we should not only require to 
have for cliscussion very perfect original curves in the atmos- 
phere, but  also i t  would be necessary to integrate throughout 
the entire range in altitude-that is, through the strata of the 
atmosphere aifected by the diurnal dixturbance-insteatI1 of 
limiting oiir summation to three selected curves. 

A further discussion of these curves in connection with the 
vapor tension, the electric potential gradient, the coefficient 
of dissipation, and the phenomena of atmospheric electricity 
generally will be found in the nest  paper of this series, while 
their relations to the diurnal variation of the earth’s magnetic 
field will be taken up in a still later paper. 
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